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(57) Abstract: There is disclosed a method of rheometry and to a corresponding rheo meter apparatus having particular application 
to the manufacturing of polymers. The invention provides a method of studying the properties of a polymer. A rbeometer having 
a pump (2) and a die(3) is arranged such that polymer is pumped through the die. Transducers (4) measure pressures within the 
rbeometer. The polymer is supplied to the rheometer with the pump (2) at one speed and value(s) indicative of the shear stress in 
the fluid within the die are obtained from the transducers (4). This provides a set of data. The data is then directly compared, using 
multivariate analysis with previously obtained data corresponding to polymers) with known theological properties. The results of 
this comparison may then be used to control the manufacturing process. 
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METHOD AND APPARATUS IFOR RHEOMETRY, AND ITS APPLICATION TO 
CONTROL OF POLYMER MANUFACTURE 

The present invention relates to a method of 
rheometry and to a corresponding rheometer apparatus. 
The invention is of particular, but not exclusive, 
application to the manufacturing of polymers. 

Rheometry is the study of the characteristics of 
non-Newtonian fluids. These are fluids in which 
viscosity is not independent of rate of shear. 

Common examples of such fluids are the molten 
polymers which are found in polymer manufacturing 
plants. In such a plant the basic polymer is formed in 
a reactor which generally produces it in powder form. 
The powder may then undergo further processing steps 
such as degassing before it is fed to an extruder. In 
the extruder, the powder is melted and then extruded 
into a suitable form for delivery, for example as 
pellets . 

In order to monitor the characteristics of such 
fluids, devices known as rheometers are used. The data 
thereby obtained, such as an estimate of the melt flow 
rate of the molten polymer, can be used to assist in 
monitoring the operation of the plant. Commonly the 
instrument is arranged such that material is transported 
to it automatically from the plant process steam, in 
which case it is termed an on-line rheometer. The terms 
"in-line 11 and "at-line" are also used. 

The melt flow rate (MFR) is the rate of flow (in 
terms of mass per unit time) of molten polymer through a 
die of known dimensions in response to a predetermined 
load pressure which imposes a shear stress on the fluid, 
(see ISO 1133) It will be appreciated that MFR is 
inversely related to viscosity. 

In a simple test apparatus of the type commonly 
used to study molten polymers, the polymer is placed in 
a heated cylinder and downward pressure is applied to it 
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by a piston of a known weight (eg 2.1kg) . An opening in 
the form of a die of known dimensions is provided at the 
base of the cylinder. The quantity Q grains of polymer 
which flows through the die in a given time (typically 
10 mins) is then measured. 

It will be appreciated that this system only 
provides a value of MFR (and therefore of viscosity) for 
a given shear stress. Since for such materials 
viscosity depends on shear stress, different values of 
MFR will be obtained if different weights are applied to 
the piston. 

A more advanced arrangement is used in known on- 
line rheometers which are found in polymerisation 
plants. In these instruments a gear pump is provided to 
feed the fluid (i.e polymer melt) through a die of known 
dimensions. Transducers are provided to measure 
pressure at different locations within or near the die. 
During operation, the speed of the pump is adjusted such 
that a predetermined pressure drop over the die occurs. 
This preferably is chosen to be equivalent to the shear 
stress applied by the piston in the previously described 
apparatus. When the required pressure drop is obtained, 
the speed of the gear pump used to obtain that pressure 
is noted. This is used in combination with the known 
transport properties of the gear pump to provide the 
melt volume ratio (MVR) in terms of volume in cubic 
centimetres per 10 minutes. If the apparatus is not run 
at the exact shear stress equivalent referred to 
previously, then data obtained at other shear stresses 
is used as a basis for extrapolation. The MFR (in 
grams/10 min) can then be determined from the MVR by 
using the known density of the polymer melt. 

The apparatus is termed "on-line" because the pump 
may be fed directly from a bypass leading from the 
extruder such that a polymer may be sampled during the 
operation of the extruder. In order to enable polymer 
to be returned to the extruder, the bypass may be in the 
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form of a loop with a pump at either end of the 
rheometer and a further bypass loop with a pump is 
provided around the rheometer itself. This enables a 
flow of polymer to be directed to the rheometer as 
required whilst enabling the desired pressure drop to be 
created. 

Another benefit of such an apparatus is that it is 
possible to measure MFR across a range of shear stresses 
such that a stress/viscosity curve may be produced. The 
shape of such a curve is indicative of the molecular 
weight distribution (MWD) of the polymer. (The 
molecular weight distribution is the distribution of the 
masses of the molecules forming the polymer.) 
Essentially, the lower the slope of the curve, the wider 
the MWD. 

In comparatively simple applications, two points 
from the shear stress-viscosity curve may be determined 
using two transducers in the rheometer and the curve may 
be approximated to a straight line between them. If 
three transducers are available then a curve may be 
fitted empirically to the resulting data. In order to 
obtain a higher number of points, the speed of the pump 
may be varied to obtain a further set of readings. The 
resulting data may be fitted to a power law and the 
exponent is taken as characteristic of the MWD. 

However, there are drawbacks with this approach. 
Firstly, due to limitations in the pressure transducers 
and in the capacity of gear pumps currently available, 
together with the need for short residence times, for 
low values of stress it is presently not possible to 
directly measure the MFR by applying the shear stress 
that is equivalent to MFR at a given weight . 
Consequently, it is necessary to make measurements using 
a higher shear stress and then to find the MFR by 
extrapolation. This is done using a power law function 
fitted to previously acquired measurements. Due to the 
non -Newtonian behaviour ("shear thinning") of polymers, 
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the power law function does not provide a good fit to 
viscosity versus shear stress over wide ranges of shear 
rate. Thus, this procedure is inherently inaccurate. 
Furthermore, fitting viscosity versus shear stress to 
any given equation, whether it be a power law, a 
polynomial or rheological constitutive equation will 
inherently suffer from lack of fit. Thus, slope factors 
or any other fitted parameter will be inaccurate. 

Finally, whilst data curves provided using a power 
law fit may be compared to previously obtained curves 
for the purpose of classification, this approach does 
not differentiate between different MWD's with 
sufficient accuracy. 

Viewed from one aspect, the present invention 
provides a method of studying the properties of a fluid 
comprising the steps of : 

a) providing a rheometer having a pump and a die 
arranged such that the pump may pump the fluid through 
the die, 

b) supplying the fluid to the rheometer, 

c) with the pump at one speed, obtaining value (s) 
indicative of the shear stress in the fluid within the 
die to obtain a set of data, and 

d) directly comparing the set of data with 
previously acquired data corresponding to a fluid with 
known rheological properties. 

By "directly comparing" it is meant that the 
members of the sets of data are numerically compared, 
rather than attempting to fit the data to a function 
such as a power law and then comparing the resultant 
function to a function derived from previously acquired 
data. 

In a simple case, the pump may only be run at a 
single speed and the set of data comprises value (s) from 
pressure transducer (s) associated with the die. 
However, preferably the invention further comprises 
re p ea ting step c) at different constant pump speeds to 
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obtain the set of data. 

Thus, by means of this method, values indicative of 
the shear stress may be obtained for each of a range of 
different pump speeds. For example, at each speed a 
single pressure transducer may be used to determine 
pressure within the rheometer. In more advanced 
applications of the invention, a plurality of 
transducers (e.g. three) may be used. 

The previously acquired data may be theoretically 
determined, but preferably it is derived from a sample 
of fluid known to have desired properties, preferably by 
performing steps (a) to (d) on such fluid. Data may 
also be obtained from fluid under a range of known 
conditions varying from the ideal and which therefore 
correspond to non-ideal product. 

By determining whether the properties of the new 
fluid are sufficiently close to those of the previously 
acquired data it may be determined whether the 
properties of the fluid are acceptable. The data 
corresponding to non- ideal product may be used to 
determine why product is not acceptable. 

In a simple case, with a sufficient number of 
different values obtained, a set of numbers which is 
characteristic of the particular fluid (for example a 
molten polymer) may be produced. This set may be 
compared with a corresponding set which is known to 
relate to acceptable products (e.g. from previously 
produced product) . By determining whether the numbers 
are sufficiently similar (eg within previously specified 
tolerances) it may be determined whether the fluid is 
itself acceptable. It will be appreciated that these 
numbers relate to molecular weight and molecular weight 
distribution, although values need never be found for 
these parameters. Nevertheless, it may in practice be 
useful to do so. 

The MFR obtained in the most basic prior art method 
represents only a single point in a shear stress- 



WO 01/57492 PCT/GB01/00406 

- 6 - 

viscosity curve for a polymer. Furthermore, because the 
invention compares data directly, there is no attempt to 
fit a curve empirically to a set of data as is done with 
the more complex prior art methods. Thus, the 
introduction of errors which this incurs is avoided. 

Indeed, there is not even any need for conversion 
of measured values into particular units and so, for 
example, figures of pump revolutions per minute and 
pressure transducer output in volts may be used. 
However, in many applications it may nevertheless be 
preferable to perform preliminary manipulation of the 
data. Additionally or alternatively data may be 
transformed into a suitable format for reading by 
associated software. 

As discussed above, the previously acquired sets of 
data may have been obtained by making similar 
measurements of known polymers having desired 
characteristics. For example, sets of data may be 
obtained for each polymer which it is desired to produce 
corresponding to the ideal conditions for producing that 
polymer. Data may also optionally be produced for off- 
specif ication polymer. 

If sufficient measurements are made at different 
pump speeds then a set of data will be obtained which 
can provide a "fingerprint" of the polymer concerned. 
Close similarity between the measured data and one of 
the previously acquired sets of data may then be used to 
identify the polymer concerned and/or to determine 
whether a desired polymer is being produced with the 
correct characteristics. Likewise, a match with an off- 
specification polymer may be used to determine what 
remedial action is required. 

It will be appreciated that this comparison could 
be performed in numerous ways and in the simplest case 
useful information could be obtained even from visual 
comparisons of plots of the various data sets. However, 
these comparisons are preferably automated. In practice 
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this means that the comparisons are carried out by a 
computer. In this way it is possible to provide 
information about the polymer at a speed only limited by 
the time needed to run the pump through its speed range. 

Numerous known computational techniques may be used 
to perform the analysis, but it has been found that 
multivariate data analysis is particularly effective and 
accurate (see Martens and Naess 1989 "Multivariate 
Calibration" published by John Wiley) . Thus, a latent 
variable corresponding to a best linear combination of 
the measured data may be introduced. The data are then 
redefined in relation to the latent variable. 

In a particularly preferred form of the invention, 
Principal Component Analysis (PCA) of data from pressure 
transducers versus gear pump speed is used for 
classification of new samples in relation to old samples 
of known properties. The raw data may be subjected to 
preprocessing such as e.g. transformation, centring, 
smoothing or scaling. Subsequently, from a set of 
samples ("calibration set") of known properties a data 
subspace is empirically identified into which the sample 
data points may be projected. This subspace is 
described by a set of "latent variables", spanning 
individual axes in the subspace and is denoted the 
"model" of the given class of samples. The number of 
latent variables are then empirically found as those 
needed to give representative information related to 
flow properties of the fluid in question based on casual 
knowledge by the operator. It will be noted that it is 
not necessary to run any transformation to align with 
rheological parameters . 

If a visual evaluation is desired (see below) a 
plot of the data may be produced where the axes are 
given by the latent variables, and where new samples are 
compared to the set of known samples, and to limiting 
values based on the same samples. For a mathematical 
evaluation (classification) upper and lower limiting 
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values may be defined for the value of the latent 
variables, and for residuals of the raw data after 
projecting into the subspace an upper limiting value is 
defined. Then new samples may then be classified 
according to these limiting values. 

Typically, when using PCA, the latent variables are 
defined by the eigenvectors of the (n x k) matrix where 
n is the number of samples in the calibration set, and k 
is the number of pressures being measured at given gear 
pump speeds. Each sample in the calibration set, and 
future process samples, may then be described by their 
score values along the individual latent variables. 

By calculating the correlation of the latent 
variable with polymer property parameters like MWD, MFR, 
etc. one will obtain knowledge of along which direction 
these parameters have their largest variability in the 
latent variable data space. This information may be 
compared to the position of the individual samples in 
the same data space, to evaluate their score in relation 
to the different parameters. 

By calculating the correlation of the latent 
variable with processing parameters like reactor 
temperature, reactor feed compositions etc., one will 
obtain knowledge of along which direction these 
parameters have their largest variability in the latent 
variable data space. This information may be compared 
to the position of the individual samples in the same 
data space, to evaluate their score in relation to the 
different parameters, and it may be used to estimate how 
process parameters should be changed to change the 
positioning of the product in the latent variable space 
to have the selected flow properties represented by the 
measured pressure values. 

It is particularly preferred for the method to be 
implemented using a computer arranged to display a score 
plot representing the data at least substantially in 
real time. In this way, as new data is acquired and new 
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plots are added to the score plot, changes in the fluid 
(polymer) characteristics may be followed. It is 
helpful for an indication to be provided on the display 
of where the boundaries between acceptable and 
unacceptable points lie, for example based on 
statistical quantities. The indications may be a 
boundary line in the form of an ellipse. Points falling 
outside the boundary correspond to unacceptable product . 

As discussed above, the score may be evaluated in 
relation to different parameters and so it is possible 
to correlate the position of a point outside the 
boundary with the corresponding deficiency in its 
properties. This information may then be used to enable 
appropriate corrective action to be taken by a plant 
technician. For example, the previously acquired data 
sets could include data corresponding to known incorrect 
settings for the desired product from which previously 
determined corrective action may be taken. Such previous 
data sets could have been deliberately produced or they 
could be learned automatically from analysis of previous 
operations of the plant. Alternatively the plant may be 
adjusted in an iterative manner based upon the nature of 
the deviation of the measured data sets from the desired 
data set . 

In particularly preferred forms of the invention, 
means is provided to automatically adjust the operating 
conditions of the plant in order to ameliorate the 
deficiency. Of course, there need not be a display for 
this to be effective - the "ellipse" may simply be a 
defined volume of data space. 

Another advantage of this form of the invention is 
that even if product is determined to be acceptable, it 
is possible to monitor variations in where points are 
plotted (or located in data space) in order to determine 
trends which may be used to anticipate future 
deficiencies and to take corrective action before they 
occur. Preferably this is also implemented 
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automatically. 

In this context PCA represents one way of 
identifying the latent variables. However, it will be 
appreciated that any other mathematical method involving 
linear or non- linear transformation of the pressure data 
into a set of latent variables may be used. Examples of 
other methods are Partial Least Squares Regression 
(PLSR) , Neural Network (NN) description and curve 
fitting of the pressure data or preprocessed pressure 
data to a curve of selected exponential degree . 

Another application of the invention is to use the 
pressure data for quantification of selected polymer 
properties, e.g. MFR or MWD. Again the raw data may be 
subject to preprocessing such as e.g. transformation, 
centring, smoothing or scaling. From a set of samples 
("calibration set") of known properties it is then 
possible empirically to identify a mathematical relation 
(the "model") to quantify the selected properties based 
on the preprocessed pressure. This model may be any 
linear or non-linear relation defined by methods like 
Principal Component Regression (PCR) , Partial Least 
Squares Regression (PLSR), Neural Network (NN) , etc. 

When using PCR and PLS, latent variables may be 
identified principally in the same way as with PCA 
(above) , and then a linear regression model is developed 
between the polymer property and the selected latent 
variables. In the same way as when doing classification 
above, the score values in the latent variable space may 
then be used for visual and mathematical evaluation. 
Correlation between the latent variables and process 
parameters may be used to identify how the process 
parameters should be changed to adjust the selected 
property of the polymer being produced. 

It will be appreciated from the foregoing that the 
present invention is useful in the field of polymer 
production and so the rheometer is preferably an on-line 
rheometer associated with an extruder used in such a 
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context. Polymer may be fed from the extruder directly 
to the rheometer by means of a bypass in the known 
manner (discussed above) . Because of the speed of 
operation and the improved accuracy of the method of the 
invention, if the properties of the polymer are as 
desired, this will be known much more speedily than in 
the prior art system. Furthermore, it is also possible 
to determine more quickly if the measured 
characteristics are not as required and then to adjust 
the operating conditions of the reactor accordingly in 
order to obtain the desired characteristics. 
Consequently, wasted production may be greatly reduced. 

It is possible to apply the method of the present 
invention either only when the reactor is first set up 
for a given production run, or at occasional intervals 
as required by quality control. However, since the 
method may operate automatically it is particularly 
preferred that regular and comparatively frequent 
measurements be made, say around every 10 minutes. 

Polymer producing plants are normally operated 
continuously and if it is desired to change from 
production of one polymer type or grade to another this 
is done without closing down the plant. Instead, the 
reactor operating conditions are adjusted in order to 
change the polymer thereby produced and fed to the 
extruder. Thus, preferably the method of the invention 
is used to obtain data which is used to monitor the 
transition between products. Since in the preferred 
forms of the invention the data acquisition and 
subsequent comparison steps are carried out by computer, 
this may be done rapidly. Consequently, the transition 
may be effected more smoothly and quickly than in the 
prior art and moreover the operator can determine more 
quickly when the desired product starts to be produced. 
Since polymerisation reactors produce tens of tonnes of 
material per hour, and the transition may take hours to 
complete, it will be appreciated that this significantly 



WO 01/57492 



PCT/GB01/00406 



- 12 - 

reduces the amount of wastage associated with operation 
of the reactor. Needless to say, this application of 
the invention may represent a significant advantage in 
terms of saving time and materials and thereby costs. 

Sets of known data could be provided relating to 
the intermediate stages of such a transition from a 
first to a second polymer specification, e.g. based on 
previous successful transitions. However, it has been 
found to be highly effective for the measured data to be 
compared with data corresponding to the desired second 
polymer specification. Thus, when the measured values 
stabilise within a predetermined deviation from the 
stored data then it may be concluded that the product is 
close to the second polymer specification. If required, 
additional tests may then be carried out. The measured 
data may also be analysed with respect to time to 
determine trends . 

Particularly when there are only comparatively 
small differences between the characteristics of the 
first and second polymer specifications then the 
transition may be monitored using the preferred forms of 
the invention discussed above. However, especially 
where the differences are greater, it is appropriate to 
apply the invention in a different manner. 

In particular, due to the significant and 
comparatively rapid changes occurring to the product 
during such a transition, it has been found more 
effective to obtain smaller sets of data at more 
frequent intervals. Thus, it has been found effective 
to run the pump at a single speed, e.g. 4.5rpm, 
preferably creating a continuous flow of polymer through 
the rheometer. Preferably the actual pump speed is 
selected depending on the characteristics (such as 
viscosity) of the polymer. Data may then be measured 
either continuously or, more preferably, at intervals of 
say 2-10 seconds, eg about every 5 seconds. 

As known rheometers have typically three 
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transducers, it is convenient to form sets of data from 
simultaneous measurements from each, as previously 
discussed. However, in many applications it is 
satisfactory if only a single transducer's output is 
measured. 

It is believed that this method is in itself 
inventive and therefore, viewed from a further aspect, 
the invention provides a method of monitoring a 
transition from a first specification of product to a 
second specification of product in a polymerisation 
process wherein polymer from the process is repeatedly 
or continuously supplied to a rheometer during the 
transition and data from the rheometer is repeatedly or 
continuously compared to known data to determine 
approximately when the transition is completed. 

The method is preferably carried out as set forth 
above. Thus, one, two, three or more output values from 
the rheometer are taken at short intervals and compared 
to the corresponding values for the second specification 
of product. It may be determined that the transition 
has approximately been completed when the measured 
values stabilise within a predetermined deviation from 
the known data. For example, the predetermined 
deviation may be two standard deviations and 
stabilisation may be determined when this "target" is 
met for a given continuous period of time. 

It has been found that this preferred arrangement 
is highly effective and can significantly reduce wastage 
because the comparative simplicity of the measurements 
used means that they can be carried out almost in real 
time. Thus, the operator discovers much more quickly 
when the new specification is reached. Moreover, it has 
been found that the invention provides a surprisingly 
accurate determination of the state of the transition. 
However, it is preferably supplemented by conventional 
rheology tests when it is determined that the transition 
is approximately complete. 
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A further advantage follows from the fact that 
conventional rheometry techniques are difficult to apply 
during a transition. This is because it is generally 
not known what material is being produced at a given 
time and so the usual calibrations and correlations are 
not applicable. The technique discussed above 
completely avoids such problems. 

The invention also extends to an apparatus for 
operating in a manner first discussed above and 
therefore viewed from a further aspect the invention 
provides an apparatus for studying the properties of a 
fluid comprising: 

a) a rheometer having a pump and a die arranged 
such that the pump may pump the fluid through the die, 

b) means for supplying the fluid to the rheometer, 

c) means for obtaining value (s) indicative of the 
shear stress in the fluid within the die to obtain a set 
of data, and 

d) means for directly comparing the set of data 
with previously acquired data corresponding to a fluid 
with known rheological properties. 

Preferably the means of part (c) obtain the 
value (s) at different constant pump speeds. 

The operation of the apparatus is preferably as 
previously described. 

The invention also extends to an apparatus for 
carrying out the invention secondly described above and 
so viewed from a still further aspect, the invention 
provides an apparatus for monitoring a transition from a 
first specification of product to a second specification 
of product in a polymerisation process comprising a 
rheometer to which polymer from the process may be 
repeatedly or continuously supplied during the 
transition and means for receiving data from the 
rheometer such that the data may be repeatedly or 
continuously compared to known data to determine 
approximately when the transition is completed. 
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Furthermore, the invention also extends to a 
polymer production plant incorporating the methods or 
apparatuses of the invention as set forth above. Thus, 
such a plant may be controlled based upon the output 
from the methods and apparatuses. This can be by means 
of manual control inputs based upon the output data 
and/or by automatic control using signals derived from 
the output data. The invention also extends to polymer 
products thereby produced. 

An embodiment of the invention will now be 
described, by way of example only, and with reference to 
the accompanying drawings : - 

Fig. 1 is a schematic view of a rheometer ; 

Fig. 2 is a flow chart describing the operation of 
one embodiment of the invention; 

Figs 3 to 6 are various plots relating to the 
invention; and 

Figure 7 is a schematic diagram illustrating the 
use of the invention before, during and after a 
transition. 

Figure 1 illustrates a rheometer which is 
essentially of known design. This is a Gettfert real 
time spectrometer type RTS92 . 93 EEx 019.06.0 Model A/A. 
The rheometer is fed by means of a bypass from an 
appropriate part of a polymer extruder. 

As may be seen from the figure, the fluid enters 
the rheometer via conduit 1 from where it is pumped by 
means of gear pump 2 through wedge die 3 . Three 
pressure transducers 4 are located at different 
positions within the wedge die in order to measure the 
pressure within the fluid at their appropriate 
locations. In addition, a thermocouple 5 is provided 
for determining the temperature of the polymer. 

Also provided is a control unit 10 which is 
connected to the gear pump, the pressure transducers and 
the thermocouple. Signals from the control unit are 
used to adjust the speed of the gear pump as required 
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and signals from the pressure transducers and 
thermocouple are recorded 

During operation of the extruder, either 
continuously or discontinuously at predetermined 
intervals, molten polymer is fed to the rheometer. At 
predetermined intervals, a measurement sequence is 
initiated. The gear pump 2 is first operated at a first 
speed near the lower end of its operating range in order 
to force the polymer through the die 3 . Because of the 
viscoelastic nature of the polymer, it takes some time 
for the flow to become steady. The control software 
therefore applies pre-determined criteria to determine 
when stable conditions have been reached. When this 
occurs data from the pressure transducers is recorded by 
the control unit . The pump speed is then increased and 
a further set of pressure values obtained in the same 
manner. This process is then repeated as often as 
required. Typically around eight such values will be 
obtained over a period about 10 minutes. 

Thus it will be seen that a set of, in this case, 
24 pressure data are acquired corresponding to eight 
pump speeds. The data may then be centred or weighted 
and then transposed into the correct format for 
subsequent processing. It is then fed to a computer 20 
where the data is compared with previously acquired data 
sets which form models. This is carried out using 
multivariate analysis. Models for a given product are 
based on data collected from several campaigns. In such 
a model, each point represents data obtained from five 
to eight rheometer tests. 

The computer is associated with a display unit 21 
which displays a scatterplot representing the results of 
the analysis. The computer is also connected to the 
plant controller 22. This enables the plant operating 
conditions to be varied as required in response to the 
computer analysis. 

The operation of the system and in particular the 
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comparison steps are now described in more detail with 
reference to Figure 2 which is a flow chart. 

Firstly (box 30) the initial conditions for the 
first test are established. Once this is done, the test 
is started (box 31) . The gear pump is then run through 
a range of speeds as previously discussed and a set of 
data representing transducer-detected pressure versus 
time are collected (box 32) . As the pump speed varies 
with time, raw data comprising a set of three transducer 
pressures for each different pump speed is obtained (box 
33) . Box 34 contains an example of such data. 

The data is then read (box 35) by chemometric 
software, this step optionally includes pre -treatment 
such as centring and weighting (box 36) . The data then 
undergoes multivariate analysis (box 37) whereby it is 
compared to models and the results are then presented as 
tables and/or scatter plots (box 38) . Finally, this 
data is read by an operator who may respond to correct 
any determined deficiency. (Alternatively, this step may 
be automated) . 

Figure 5 which is discussed more fully below, is an 
example of a scatterplot of the results of the above 
analysis. The large ellipse represents the normal 
variation of properties for a given polymer. The basic 
principle is that if the result of the analysis is that 
the point representing the new data falls within the 
desired ellipse then the characteristics of the product 
are as required. Thus, points 9, 6, 7, 28 etc represent 
on-specif ication product. Point 46, however, represents 
product which falls outside the derived specification. 
When this occurs, the plant may be adjusted accordingly, 
either by a technician or automatically via the link 
from the computer 20 and the plant controller. 

Figure 7 gives an overview of the use of the 
invention before, during and after a transition in 
combination with conventional MFR measurements. 

As may be seen from the upper part of the figure, a 
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first grade of polymer is initially produced (generally 
at reference 50) . Whilst this is produced, conventional 
MFR measurements are taken, interspersed by measurements 
according to the invention (REO) . The latter comprise 
obtaining a full set of data at a range of pump speeds 
from all three transducers on the rheometer (Figure l)as 
discussed above, together with the analysis illustrated 
in Figure 2 . This provides the output shown at 54 where 
the product is shown to be within specification for the 
first grade by the marker 55 falling within ellipse 56. 

A similar regime of measurement is carried out 
during the production of the second grade of polymer 
(generally at reference 52) . The REO tests result in 
output such as 57 showing the product to be within the 
new specification represented by ellipse 58. 

During the grade transition 53, a different regime 
is applied. The rheometer pump is run at a continuous 
speed of 4 . 5rpm and the output from a single transducer 
is measured every 5 seconds. This is then compared to 
the stored data comprising the transducer value for the 
second grade of polymer. When it has stabilised within 
two standard deviations of that value it may be 
concluded that the product is at least approximately 
within the specification of the second grade, at which 
point the MFR and REO tests may resume. Conventional 
quality control tests are also carried out. 

Example 1 - Improved product consistency by an off-line 
use of the system 

In this example multivariate analysis (MVA) of 
rheometer and process data has been used to relate 
changes in MWD to reactor parameters. Fig 3 shows a 
graphical representation of a partial least squares 
(PLS) model (scores and loadings plot according to the 
methodology of MVA: PCA and PLS, see Martens and Naess) . 
As may be seen from figure 3, the variation on MWD in 
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relation to the two components is indicated with an 
arrow. Thus, points towards the left of the graph 
relate to product with higher MWD. 

It will be appreciated that if the MWD is found to 
be too high, the plant controller can then remedy this 
in the conventional manner. Controlling the 
polymerisation process according to the relationships 
presented graphically in figure 3 has achieved a reduced 
variability of the product as displayed in the scoreplot 
based on rheometer data on produced lots (figure 4) 

Fig 4 displays a crossplot of scores in the first 
two latent variables from a principal component analysis 
(PCA) of rheometer data. Each data point represents one 
measurement of one lot from the plant. A study of the 
covariances in the model tell us that the variation in 
MW is mainly along the x-axis while variation in MWD is 
along the y-axis. The outer circle in fig 4 shows the 
observed variation of the product before application of 
the methodology of the invention. The product variation 
was characterised with less control of the MWD 
(variation along vertical axis) and larger variation in 
MW (along horizontal axis) . After implementing the new 
methodology the product variation are reduced to the 
inner ellipse in figure 4. 

Example 2 - Effect of changing catalyst activati on batch 
during production 

This example is from a polyethylene polymer 
production plant where the rheometer is located on an 
extruder and the time lag between reactor and the 
rheometer could be up to two hours depending on process 
conditions. 

In this case the MVA model consists of data from 
several production campaigns and fig 5 shows transition 
towards product A. In the scoreplot the large ellipse 
(no. 1 - no. 38) represents the model and the small 
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ellipse (no. 3 9 - no. 44) represents the new campaign. 
Also shown is the transition from the of f -specif ication 
material (no. 44, no. 45) back to on-specif ication 
material (no. 47-no. 50) . 

The model consists of lot samples while the new 
campaign is rheometer data with approximately 1 hour 
interval. It can be seen from the scatterplot that the 
samples from the new campaigns fall outside the 
predefined model . This is according to the model due to 
a more narrow MWD as may be seen by the displacement to 
the right. 

Changes in the process were initiated in the known 
manner in order to bring production back to on- 
specif ication materials. One of the initiatives was to 
change catalyst activation batch. The resulting 
location in the score plot is shown 1, 2 and 3 hours 
after the change was initiated. Location in the 
scoreplot is a clear response to changes in process 
conditions reflecting time after change of catalyst 
batch. As may be seen, production was brought back to 
on-specif ication material properties. 

Some samples from the on-line model and some lots 
from the transition were later analysed using an off- 
line rheometer. A plot of score values from the first 
and second latent variables (see Martens and Naess) from 
the PCA analysis shows the same trend as the on-line 
data. In figure G the sample marked 21-23 is from the 
new campaign and is produced before, during and after 
catalyst activating lot change. 

Variation along the horizontal axis is in this case 
related to Molecular weight (MW) and variation along the 
vertical axis is related to molecular weight 
distribution (MWD) . In figure 6 this is indicated with 
the polydispersity index, PI. Off-line analysis 
verifies the interpretation of the on-line data. 
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1. A method of studying the properties of a fluid 
comprising the steps of : 

a) providing a rheometer having a pump and a die 
arranged such that the pump may pump the fluid through 
the die, 

b) supplying the fluid to the rheometer, 

c) with the pump at one speed, obtaining value (s) 
indicative of the shear stress in the fluid within the 
die to obtain a set of data, and 

d) directly comparing the set of data with 
previously obtained data corresponding to a fluid with 
known rheological properties . 

2. A method as claimed in claim 1, further comprising: 
repeating step c) at different constant pump speeds 

to obtain the set of data. 

3. A method as claimed in claim 1 or 2 , wherein the 
comparison step is performed using multivariate data 
analysis. 

4. A method as claimed in any preceding claim, wherein 
the fluid is a molten polymer and the rheometer is an 
on-line rheometer associated with a polymer production 
plant . 

5. A method as claimed in any preceding claim, wherein 
if the polymer characteristics are not acceptable, the 
operating conditions of the plant are adjusted 
accordingly. 

6. A method as claimed in claim 5, wherein the 
adjustment of the plant occurs automatically. 
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7. A method as claimed in any preceding claim, wherein 
the method is repeated at regular intervals during the 
operation of the plant. 

8. A method as claimed in any preceding claim, wherein 
the plant operating conditions are adjusted in order to 
change the polymer thereby produced and the data is used 
to monitor the transition between products. 

9 . A method of producing an extruded polymer using the 
method according to any preceding claim. 

10. A method according to any preceding claim, further 
comprising the step of using the results of the 
comparison in step (d) to quantify a selected property 
of the fluid. 

11. A method as claimed in claim 10, wherein the 
property is Melt Flow Rate or Molecular Weight 
Distribution. 

12. An apparatus for studying the properties of a fluid 
comprising : 

a) a rheometer having a pump and a die arranged 
such that the pump may pump the fluid through the die, 

b) means for supplying the fluid to the rheometer, 

c) means for obtaining value (s) indicative of the 
shear stress in the fluid within the die to obtain a set 
of data, and 

d) means for comparing the set of data with 
previously obtained data corresponding to a fluid with 
known rheological properties. 

13. An apparatus as claimed in claim 12, wherein the 
means of part (c) is arranged to obtain the values 
indicative of shear stress at different constant pump 
speeds . 
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14 . An apparatus as claimed in claim 12 operated 
according to the method of any of claims 1 to 10. 

15. A polymer production plant comprising apparatus as 
claimed in claim 12, 13 or 14. 

16. A method of monitoring a transition from a first 
specification of product to a second specification of 
product in a polymerisation process wherein polymer from 
the process is repeatedly or continuously supplied to a 
rheometer during the transition and data from the 
rheometer is repeatedly or continuously compared to 
known data to determine approximately when the 
transition is completed. 

17. A method as claimed in claim 16, wherein output 
values from one, two, three or more transducers in the 
rheometer are taken at short intervals and the known 
data comprises previously acquired corresponding values 
for the second specification of product. 

18. A method as claimed in claim 17, wherein it is 
determined that the transition has approximately been 
completed when the measured values stabilise within a 
predetermined deviation from the known data. 

19. A method as claimed in claim 18, wherein the 
predetermined deviation corresponds to two standard 
deviations . 

20. A method as claimed in any of claims 16 to 19, 
wherein the output values are taken every 2-10 seconds. 

21. A method as claimed in any of claims 16 to 20, 
wherein the rheometer pump is operated at a constant 
speed whilst the data is acquired. 
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22. An apparatus for monitoring a transition from a 
first specification of product to a second specification 
of product in a polymerisation process comprising a 
rheometer to which polymer from the process may be 
repeatedly or continuously supplied during the 
transition and processing means for receiving data from 
the rheometer, the processing means being arranged to 
repeatedly or continuously compare the data from the 
rheometer to known data to determine approximately when 
the transition is completed. 

23 . An apparatus as claimed in claim 22 arranged to 
operate in accordance with any of claims 16 to 21. 

24. An apparatus as claimed in claim 22 or 23, wherein 
the processing means comprises electronic computing 
apparatus . 

25. A polymer production plant comprising the apparatus 
and/or operating according to the method of any 
preceding claim. 

26. Polymer product produced by means of the apparatus 
and/or method of any preceding claim. 
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